This study was performed to: (1) assess the prevalence of dietary supplement and fortified food use, (2) examine the differences in vitamin E intake with and without dietary supplementation and/or fortified food use, and (3) determine whether some individuals consume vitamin E above the tolerable upper intake level (UL). Data were obtained from 64,624 individuals (age, 1 y; 47.4% males) who completed a 1-d household dietary assessment that was part of the National Health and Nutrition Survey conducted in Japan, [2003][2004][2005][2006][2007][2008][2009]. The survey also obtained information on the brand or generic name of each dietary supplement or fortified food reported, including their ingredients, through dietary assessment. The prevalence of a potential risk of excess was estimated by the proportion of persons above the age-/sex-specific ULs provided by the Dietary Reference Intakes for Japanese 2010. Supplement use was reported by 5.8% of men and 7.7% of women, whereas fortified food consumption was reported by only 2.9% of men and 3.6% of women. Use of dietary supplements was most common among older women, whereas use of fortified foods was most common among younger women. Both dietary supplement and fortified food use accounted for maximum vitamin E intake; however, the use of dietary supplements and fortified foods had little effect on the median and 95th percentile intake values. None of the subjects consumed nutrients above the UL. The collected data confirm that the use of both dietary supplements and fortified foods contributes a small amount to nutrient intake in Japanese subjects.
With increasing community health concerns, the past two decades have seen increases in both the marketing and sale of dietary supplements and fortified foods in many countries, particularly in industrialized countries (1) (2) (3) (4) (5) . Consequently, the prevalence of their use and characteristics of the users of such foods should be evaluated to expand public health information and plan future nutritional epidemiological studies (6, 7) . However, only a few studies have analyzed the prevalence of supplement use in Japan (8) (9) (10) . Furthermore, studies on fortified food use have mainly focused on subjects at high risk for certain nutrient deficiencies, such as vitamin D and iodine, in industrialized and developing countries (11) (12) (13) (14) (15) ; there has been no report on the prevalence of fortified food in a representative sample of community residents.
The Dietary Reference Intakes for Japanese (DRIs-J), revised every 5 y by the Ministry of Health, Labour and Welfare, are the basic values used to develop national nutritional guidelines for the Japanese population. The DRIs-J 2010 was developed to provide reference values for the intake of energy and 34 nutrients for health maintenance and promotion and for the prevention of lifestyle-related diseases in healthy individuals and groups (16) . These guidelines address the following parameters: estimated energy requirement, estimated average requirement (EAR); recommended dietary allowance (RDA); adequate intake (AI); tolerable upper intake level (UL); and tentative dietary goal for preventing lifestyle-related diseases, such as cancer (especially stomach cancer), cardiovascular disease, and osteoporosis. Among these values, AI was set based either on observed or experimentally determined approximations or, when the EAR and the RDA could not be determined because of insufficient evidence, on estimates of nutrient intake by groups of apparently healthy people. AI
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Megumi Tsubota-Utsugi is defined as the intake sufficient to maintain a healthy status and prevent nutrient insufficiency of almost all members of a specific population. The DRIs-J 2010 (16) lists the AI values for nine nutrients. Two-thirds of these values were derived from the median value of the pooled data from the National Health and Nutrition Survey (NHNS) for 2005-2006 because although the representative nutrient distribution of the Japanese population was available, the biological and other indices for such nutrients were not. However, despite the fact that vitamin E intake from dietary supplements and fortified foods was calculated in the NHNS, no description was provided in the DRIs-J 2010. This might suggest that users of dietary supplements or fortified foods could have different vitamin E intake distributions (i.e., median and maximum intake) than nonusers.
The aims of this study were as follows: (1) to assess the prevalence of dietary supplement and fortified food use; (2) to examine the differences in vitamin E intake distribution with and without dietary supplements and/or fortified foods; and (3), using the data from the 2003-2009 NHNS, to determine whether some subjects consume nutrients above the UL given by the sex-/agespecific DRIs-J 2010.
Materials and Methods
Data source. The NHNS data collected from 2003 to 2009 were used for analysis with permission from the Ministry of Health, Labour and Welfare, Japan. The NHNS was a cross-sectional survey of a nationally representative sample of the noninstitutionalized population of Japan (17) (18) (19) (20) (21) (22) (23) (24) (25) . The survey has three components: physical examination of individuals (anthropometry; blood pressure; blood test; and a questionnaire on current medication, exercise, and number of steps measured by a pedometer); dietary assessment of households and individuals; and a questionnaire on health-related behaviors, habits, and lifestyle factors (smoking status, alcohol intake, sleep duration, and rest sufficiency). The examination protocol and data collection design are completely documented in the NHNS annual reports (19) (20) (21) (22) (23) (24) (25) . Quality assurance in data processing has been described elsewhere (26) .
Population study. The survey included 25,907 families (70,036 subjects), and each family member was aged 1 y. The response rate was estimated to be 60% to 70% (27) . The number of participants in each year was as follows: 11, 630 (28, 29) . Further details about the methods used can be found elsewhere (19) (20) (21) (22) (23) (24) (25) (26) . Information on the intake of dietary supplements and fortified foods containing seven artificially added vitamins and minerals (calcium, iron, vitamin E, vitamin B1, vitamin B2, vitamin B6, and vitamin C) was also collected using the 1-d dietary record in the NHNS. The brand names of these products were specified, and the contents of vitamins and minerals (additives) were used for the nutrient intake calculation. There have been many reports regarding dietary supplement use; however, not only does the definition of a supplement "user" vary among studies, but no consistent definition of what constitutes either a dietary supplement or a fortified food exists. Therefore, in the present study, dietary supplements were defined as "supplements, including drugs or quasi-drugs, intended for ingestion in pill, capsule, tablet, powder, or liquid form," and fortified foods were defined as "foods taken to deliberately increase the levels of an essential micronutrient; i.e., vitamins and minerals" in the NHNS definition (19) (20) (21) (22) (23) (24) (25) .
According to the categories of the DRIs-J 2010, the subjects were categorized into the following age groups: 1-2, 3-5, 6-7, 8-9, 10-11, 12-14, 15-17, 18-29, 30-49, 50-69, and 70 y. Other characteristics, including sex (men/women), living alone (yes/no), residential areas based on regional blocks (Hokkaido and Tohoku, Kanto, Hokuriku and Tokai, Kinki, Chugoku and Shikoku, and Kyushu), residential areas according to population size (villages and towns/cities with ,50,000 population, cities with 50,000-1,000,000 population, and cities with 1,000,000 population), and occupation (white-collar worker, blue-collar worker, homemaker, student or kindergarten student, or unemployed), were also considered in this study.
Statistical analysis. All analyses were performed separately for men and women. First, details of dietary supplement and fortified food use were noted for each nutrient present in the dietary supplements. To explore the effect of distribution for these uses, the percentile for vitamin E was assessed both for vitamin E intake from food alone and for total nutrient intake from food plus dietary supplement, food plus fortified food, and food plus dietary supplement and fortified food. Furthermore, the prevalence of the potential risk of excess intake was estimated as the proportion of respondents with vitamin E intake above the age-/sex-specific ULs for individuals with maximum intake.
Results
A total of 4,376 subjects (6.8%; 5.7% men and 7.7% women) had taken dietary supplements; 1.3% consumed one nutrient and 4.7% consumed three to seven nutrients. B vitamins (approximately 4.0% B1, B2, and B6) were consumed most commonly, followed by vitamin C and vitamin E (3.3% and 2.6%, respectively) and calcium (2.0%). The combination most frequently used was vitamin B11vitamin B21vitamin B6, followed by a B-vitamin combination1vitamin E and B-vitamin combination1vitamin C. The data showed that 2,103 subjects (3.3%; 2.9% men and 3.6% women) reported consumption of any vitamin-and/or mineral-fortified food (2.0% consumed one fortified nutrient and 0.5% consumed three or more). The most frequently consumed fortified food was enriched with calcium (1.7%), followed by vitamin C and iron (0.9% for both). The top three most frequently consumed fortified foods contained a single nutrient. Table 2 presents the distributions of age group differences among users of dietary supplements and fortified foods. Dietary supplements were most commonly used by older women, while fortified food consumption was most common among younger women. Table 3 -1 (men) and Table 3 -2 (women) show the differences in vitamin E distribution in foods with or without dietary supplements and/or fortified foods (additive area). The use of dietary supplements and fortified foods had little effect on the median intake values. The effect of the 95th percentile nutrient intake value of food plus dietary supplement, food plus fortified food, and food plus dietary supplement and fortified food was similar to that of nutrient intake from food alone, and their contribution was considered to be small. Each dietary supplement or fortified food provided nutrient levels that accounted for maximum nutrient intake, but none exceeded the UL.
Discussion
This cross-sectional study of a representative sample of the Japanese population revealed that a small percentage of dietary supplement and fortified food use did not comprise the entire vitamin E intake, although users of dietary supplements and fortified foods did reach the maximum level. However, no subject consumed vitamin E above the UL. It was not possible to directly compare the prevalence of dietary supplement use with that of previous studies because of the differences in the definitions of dietary supplements, dietary supplement users, duration of dietary supplement use, survey methods, and study subjects among the studies (8) (9) (10) . Nevertheless, the present comparison indicated that of the prevalence of dietary supplement use, 6.8%, was very close to that of a previous Japanese nationwide survey (9) . On the other hand, the marketing and sale of dietary supplements and fortified foods have dramatically increased; therefore, the prevalence of dietary supplement and fortified food use in each survey year increased with increasing sales (4, 5) . Meanwhile, the number of users and market situation are not yet completely known. There are reports of adverse health effects among dietary supplement users (2, 11) . Given that the market demand for dietary supplements and fortified foods will continue to increase, information regarding adverse health effects and the higher availability of dietary supplements and fortified foods is important (30) .
In the present study, both dietary supplement and fortified food use accounted for maximum vitamin E intake; however, the use of dietary supplements and fortified foods had little effect on the median and 95th percentile intake values. No subject reported nutrient intake above the UL. Previous studies have documented excessive micronutrient intake from dietary supplements in several surveys, especially in industrialized countries, but only one Japanese study reported excessive intake above the UL (10). However, that study involved residents of a single city, and the prevalence of dietary supplement use was much higher than that in other previous studies in Japan (8, 9) . The definition of UL is the upper limit of habitual intake that is considered to pose no risk of health problems (16, 31) . Adverse effects of excessive nutrient intake are rarely reported in humans, and ethical considerations prohibit the performance of studies on humans to determine the no-observed-adverse-effect level (NOAEL) and the lowest-observed-adverse-effect level (LOAEL). Therefore, both the NOAEL and LOAEL are estimated based on data collected from animals or, in some cases, in vitro studies. Notably, because the determination of adverse effects due to excessive intake varies from nutrient to nutrient, UL determination differs slightly for each nutrient.
The present study had several limitations. First, although the sample subjects were representative of the Japanese population, the proportions of young and middle-aged participants living alone were small. This may have led to different dietary characteristics among these subjects (32) .
Second, the data relied on the detailed recording of dietary supplements consumed within a recent brief time using the food weighing method for 1 d in November. The nutrient and food intake results may not be a fair representation of the habitual dietary intake because of a lack of data regarding day-to-day food intake variations. Furthermore, the obtained NHNS data were not the original raw data, but rather the result of a compilation of information on nutrient and food items at the individual level. This limitation led to a lack of information on the specific dietary supplement brands or generic names used in the present study. Until a few years ago, information on the brands or generic names of specific dietary supplements mainly used by individuals in the NHNS was available on the homepage of the National Institute of Health and Nutrition, one of the independent administrative corporations for the Ministry of Health, Labour and Welfare, Japan. However, the current data were not available for the present study, and no such information exists in the official reports.
Because the data on dietary supplements and fortified foods were based on a 1-d dietary survey, data on frequency, duration, and types of dietary supplements and fortified foods were not obtained in the present study. As dietary supplements and fortified foods become more complex and begin to contain increasingly more various ingredients, self-categorization may become more problematic. Further studies are needed to develop a method for assessing the above-mentioned parameters with regard to dietary supplements and fortified foods in national representative samples.
In conclusion, the present findings from a nationally representative sample in Japan suggest that use of dietary supplements and fortified foods makes a small contribution to nutrient intake in Japanese subjects. Although several methodological issues arose in the NHNS, further studies with detailed data regarding the frequency, duration, types of dietary supplements and fortified foods, types of their uses, and effects of their use on lifestyle and incidence of disease, are needed to confirm the distribution of nutrient intake and the risks of dietary supplement and fortified food use.
